While short sleep duration has been related to hypertension, the impact of age and sex on this association is less well known. We examined the association between hours of sleep and hypertension prevalence among US adults by age and sex.
Over the past few decades, the proportion of American adults who slept less than 7-8 h a day increased from 20-23% in 1985 1 to nearly 30% in [2005] [2006] [2007] . 2 Earlier studies revealed that short sleep duration was related to increased risk of diabetes, obesity, and coronary heart disease. [3] [4] [5] [6] Furthermore, one in three adults in the United States has hypertension. 7 Although there is evidence that acute sleep restriction is associated with hypertension, [8] [9] [10] investigations into the effect of chronic sleep restriction on hypertension have produced mixed results. In the Sleep Heart Health Study, participants who slept <7 or >8 h had a higher frequency of hypertension. 11 In another study, using the First National Health and Nutrition Examination Survey (NHANES I) data, with 8-to 10-year follow-up, the incidence of hypertension was higher among participants aged 32-59 who slept <6 than in those who slept 7-8 h; no association was observed in subjects aged 60 and older. 12 Among older adults in the Rotterdam Study, no association of sleep duration and hypertension was observed. 13 In the Whitehall II Study, the impact of short sleep on hypertension was observed among women but not among men. 14 We examined the impact of age and sex on the association of hours of sleep with the likelihood of hypertension using data from National Health Interview Survey (NHIS). In order to increase the sample size needed to examine associations of sleep and hypertension by age and sex in more detail, we combined three recent years of survey data.
Methods
Data. The study population was derived from adults aged ≥18 years who participated in the 2007, 2008, or 2009 NHIS, an annual multistage probability survey conducted in a nationally representative sample of the civilian, noninstitutionalized population of the United States. The Centers for Disease Control and Prevention's National Center for Health Statistics conducts the NHIS through confidential in-person interviews. 15 The survey was conducted in both English and Spanish. Details of the survey design and methods can be found at the website of NHIS from National Center for Health Statistics. 16 Self-reported sleep duration was ascertained with the question, "On average, how many hours of sleep do you get in a 24-hour period?" Respondents reported in 1-h increments. The variable ranged from 3 to 23 h and was categorized as original contributions Sleep and Hypertension <6, 6, 7, 8, 9 , and ≥10 h/day. Hypertension was defined as affirmative responses to both of the following questions: (i) "Have you ever been told by a doctor or other health professional that you had hypertension, also called high blood pressure?" and (ii) "Were you told on two or more different visits that you had hypertension, also called high blood pressure?" Moreover, 2008 NHIS had additional questions on hypertension including how recently blood pressure was last checked and whether or not the blood pressure was high at that time.
Other characteristics included age (18-44, 45-64, and ≥65 years), sex, race/ethnicity (Hispanic, non-Hispanic white, non-Hispanic black, and non-Hispanic other), levels of education (<high school, high school, some college, college graduate), smoking status (current, former, and never), body mass index (BMI, kg/m 2 : underweight (<18.5), normal (18.5-24.9), overweight (25-29.9) , and obese (≥30)), alcohol intake, physical activity, diabetes, coronary heart disease, and stroke status. Alcohol intake was assessed based on the responses to the following questions: "In any 1 year, have you had at least 12 drinks of any type of alcoholic beverage?" "In your entire life, have you had at least 12 drinks of any type of alcoholic beverage?" and "In the past year, how often did you drink any type of alcoholic beverage?" Respondents who had consumed <12 drinks in their entire life were classified as never-drinkers. Respondents who had consumed ≥12 drinks in any year or their entire life but not in the past year were classified as former drinkers. Current drinking was further categorized into moderate drinkers (≤7 drinks/week for women or ≤14 drinks/week for men) and heavy drinkers (>7 drinks/week for women or >14 drinks/week for men). Any physical activity was defined based on the following questions: "How often do you do vigorous leisure-time physical activities for at least 10 min that cause heavy sweating or large increases in breathing or heart rate?", "How often do you do light or moderate leisure-time physical activities for at least 10 min that cause only light sweating or a slight to moderate increase in breathing or heart rate?", and "How often do you do leisure-time physical activities specifically designed to strengthen your muscles such as lifting weights or doing calisthenics?" If the respondent answered "never" to all of these questions, they were categorized as "no physical activity", otherwise, they were categorized as having any physical activity. Diabetes was defined for respondents who answered "yes" to the question "Other than during pregnancy, have you ever been told by a doctor or health care professional that you have diabetes or sugar diabetes?" Coronary heart disease was defined by an affirmative response to "Have you ever been told by a doctor or other health professional that you had coronary heart disease?" Stroke was defined by an affirmative response to "Have you ever been told by a doctor or other health professional that you had a stroke?".
Data analysis. Sociodemographic and hypertension-related risk characteristics were measured in each sleep duration group. Agestandardized prevalence of hypertension was determined for each group. Prevalence of hypertension was further determined after stratifying by age (18-44, 45-64, ≥65 years) and sex.
The χ 2 test or analysis of variance, as appropriate, was used to determine the association of the characteristics of the study participants by hours of sleep. Multivariable logistic regression models were employed to calculate the odds ratio (OR) and 95% confidence interval (CI) for the likelihood of hypertension associated with shorter or longer duration of sleep relative to a reference category of 8 h. The first model was conducted among the total population without adjustment for any covariates. We then adjusted for age (18-44, 45-64, ≥65 years) and sex. Further adjustment included other sociodemographic characteristics (race/ethnicity, education) and behavior characteristics (smoking status, alcohol intake, physical activity) in the logistic regression model. Final adjustment included previous adjusted variables plus BMI and medical conditions (diabetes status, stroke, and coronary heart disease). Logistic regression models without adjustment, as well as with adjustment were further conducted among the population stratified by age and sex to determine the association of hours of sleep and hypertension.
All analyses took into account the complex sampling design of NHIS and were performed using SAS-callable SUDAAN statistical software version 9.01 (Research Triangle Institute, Research Triangle Park, NC). 17 All statistical tests were twotailed, and significance was defined as P < 0.05. Any s.e. >30% relative to the estimate was considered to have produced an unreliable estimate. .7, and 4.3% of adults reported that they had <6, 6, 7, 8, 9 , and ≥10 h of sleep/day, respectively. The prevalence of self-reported hypertension among the study population was 26.6%.
The characteristics of the study population for groups defined by sleep duration are presented at Table 1 . Participants who slept <7 h or ≥10 h a day were more likely to be black, a current smoker, and obese compared with those who slept 7-9 h a day. Individuals who slept <6 h or ≥10 h a day were more likely to be heavy drinkers, to report no physical activity, and less likely to have finished college than those who slept 6-9 h. They were also more likely to report other chronic diseases such as coronary heart disease and diabetes. Moreover, individuals who slept <6 h/day or ≥9 h a day were more likely to have suffered a stroke than those who slept 6-8 h a day.
The age-standardized percentages of self-reported hypertension were 32.4, 25.5, 22.2, 23.2, 25.5, and 32.5% for those who slept <6, 6, 7, 8, 9 , and ≥10 h/day, respectively. This "U"-shaped relationship between hours of sleep and prevalence of hypertension was observed for all groups defined by both age and sex (Figure 1) . Table 2 shows crude ORs for the likelihood of having hypertension among groups defined by hours of sleep, as well as ORs adjusted for other characteristics. ORs were first adjusted for age and sex, then sociodemographic and behavior characteristics were added, and finally BMI and comorbid conditions were added to logistic regression models for full adjustment. Overall, there were significantly greater original contributions
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likelihoods of hypertension only among adults who reported sleeping <6 h (OR = 1.49, 95% CI = 1.34-1.64), 6 h (OR = 1.15, 95% CI = 1.08-1.23), or ≥10 h a day (OR = 1.20, 95% CI = 1.05-1.37) compared to the referent group (those sleeping 8 h) after taking into account sociodemographic variables, health behaviors, BMI, and comorbid conditions in the final multivariate model. Table 3 presents crude and adjusted ORs for the likelihood of having hypertension among groups defined by age and sex. Young men (18-44 years) who slept <7 h (either 6 or <6 h) or ≥10 h a day compared to those sleeping 8 h had greater likelihoods of hypertension in the unadjusted models (P < 0.05); however, relationships remained significant only among those sleeping <6 h (OR = 1.99, 95% CI = 1.52-2.60) or ≥10 h (OR = 1.56, 95% CI = 1.05-2.32) after adjustment. Among young women, sleeping <6 h, 6 h, or 7 h a day was also associated with greater likelihoods of hypertension in the adjusted models (P < 0.05). Young women sleeping <6 h a day had twice (OR = 2.13, 95% CI = 1.66-2.74) the likelihood of having hypertension than young women sleeping 8 h.
Middle-aged men (45-64 years) who slept <6 h compared to 8 h had a significantly greater likelihood of hypertension (OR = 1.29, 95% CI = 1.05-1.60) even after adjustment for covariates (Table 3) . For middle-aged men who slept ≥10 h, the significant association with hypertension disappeared after a full adjustment with BMI and comorbid conditions. original contributions
For middle-aged women, the likelihood of hypertension was greater among those who slept >9 h a day (OR = 1.45, 95% CI = 1.06-1.98). Although the odds of hypertension was also greater among middle-aged women with <6 h of sleep in model 1, after full adjustment with BMI and comorbidity, no statistically significant association was observed among middle-aged women. Among those 65 years or above, no statistically significant association between hours of sleep and hypertension was observed among men (Table 3) . Among women aged 65 years and above, greater likelihoods of hypertension were observed for those who slept <6 h or ≥10 h a day compared to those sleeping 8 h (P < 0.05). With full adjustment, however, the statistically significant association continued only among those with <6 h sleep a day (OR = 1.44, 95% CI = 1.16-1.80; P < 0.05). ORs from fully adjusted models are presented in Figure 2 . discussion According to the National Sleep Foundation most adults need 7-9 h of sleep a day for optimal health. 18 Yet, according to the NHIS, 29% of US adults slept <7 h and another 4% reported sleeping ≥10 h a day. The principal finding of this study revealed that while sleep durations <7 h or ≥10 h a day were associated with a greater likelihood of hypertension, the association of short or long hours of sleep and hypertension varied by age and sex. Among adults less than 45 years, shorter (<6 h for men and <8 h for women) and long (≥10 h for men) sleep were associated with higher likelihood of hypertension. For other age/sex groups, short sleep (<6 h) was associated with higher likelihood of hypertension among middle-aged men and older women, as was long sleep (≥10 h) among middleaged women.
An earlier study using the 2004-2005 NHIS revealed that sleep durations of <7 h a day or >8 h a day were significantly associated with increased risks of hypertension. 19 In addition, several studies have reported an age-related association of sleep duration and hypertension. In the Rotterdam Study, sleep duration was not associated with hypertension among an elderly population (5,058 participants aged 58 to 98 years). 13 A study using the NHANES I follow-up data showed that sleep durations of <5 h per night compared to those with 7-8 h sleep/night were associated with a significantly increased risk of incident hypertension in participants aged 32-59 years, but this association was not found among people aged ≥60 years. 12 More recently, a study among Spanish adults showed that self-reported sleep duration was not associated with hypertension among those 60 years and above. 20 A Korean study found that young and middle-aged adults (19-64 years) who slept <6 h a day compared to those who slept 7 h a day had increased odds of hypertension. This association was not found among those ≥65 years. 21 The current study, with a large nationally representative US sample, was able to examine the association of sleep duration and risk of hypertension by detailed age and sex subgroups and confirmed an association in young men and women. For middle-age adults-an age group less often reported in other studies-we found that <6 h sleep a day among men and ≥10 h sleep a day among women were associated with greater likelihoods of hypertension. Unlike the previous studies that observed no association of hours of sleep and prevalence of hypertension among older adults, 12, 20, 21 we found that <6 h sleep a day was associated with an increased likelihood of hypertension among older women. Prevalence estimates (%),odds ratios (OR), and 95% confidence intervals are weighted to national population estimates and the complex study design was taken into account. a Adjusted OR: adjusted for race/ethnicity, education, smoking status, alcohol intake, physical activity (model 1). b Adjusted OR: adjusted for variables from model 1, plus body mass index, stroke, coronary heart disease, and diabetes status.
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The association of short duration of sleep and hypertension may relate to sleep deprivation, which has been reported to disturb endocrine and metabolic functions and enhance the activity of the sympathetic nervous system and therefore cause sustained hypertension. 22 Studies of association of sleep deprivation and blood pressure showed that among both normotensive 8 and hypertensive 9 subjects, there were significant increases in activity from the sympathetic nervous system, resulted in increasing blood pressure after a night when sleep was restricted to 3.6-4.5 h. Long exposure to relative short duration of sleep could relate to the development of hypertension. 23, 24 The increased likelihood of hypertension among those with more than 9 h of sleep a day was also reported previously, 11 although the biologic mechanisms underlying the association of long hours of sleep and hypertension are not well understood. Other risk factors might impact the association. For example, in the Nurses' Health Study, women who reported sleeping 9 h or more per day had 15% less physical activity per week than women who slept 7-8 h/day, 4 and inactivity is related to increased risk of hypertension. In addition, long sleep duration could be related to underlying sleep disordered breathing 25 or poor sleep quality. 26 Studies of hypertension patients observed that use of antihypertensive medications affects sleep. 27, 28 As hypertension treatment information was only available in 2008, we did not include it in our analyses. However, in the Sleep Heart Health Study, the authors found that among those with hypertension, there was no difference in the percentage of using antihypertensive medications among all sleep-duration categories (from <6 to ≥9 h a day). They concluded that the likelihood that medication might be a confounder of the sleep-hypertension relationship was unlikely. 11 Here the association of short sleep and hypertension was found in young men and women, in middle-aged men, as well as in elderly women. The findings among young and middleaged participants parallel previous findings from the NHANES I follow-up study 12 and the Korean study. 21 Our multi-year study of a large population of NHIS respondents provided the opportunity to conduct analyses stratified by age and sex while adjusting for important covariates to explore this important issue in depth.
The limitations of this study include the use of self-reported variables. In this study, both sleep duration and hypertension were reported by the participants instead of objective measurement of sleep duration and blood pressure. However, previous studies have shown good agreement between selfreported sleep durations and those obtained through actigraphic monitoring, 29 as well as validity of self-reported hypertension. 30, 31 Another concern is that the assessment of hypertension has no reference in time. To address this, we did further analyses using 2008 NHIS data, which included information of when blood pressure was last checked. Among 21,757 participants, 88% had their blood pressure checked within 1 year. Adding the variable of "last time blood pressure checked" to the logistic regression model did not change the results from the model without this variable. This suggests that the time interval since blood pressure was last checked did not affect the results. Due to the cross-sectional design of NHIS, we could not determine causal relationships or rule out bidirectional relationships. For example, hypertension or other chronic conditions may cause individuals to receive less or more sleep than those without these conditions. Other factors such as sleep quality or sleep disordered breathing might affect the association between sleep duration and hypertension. However, this information was not collected in NHIS. Finally, although the study revealed the difference in association of hours of sleep and risk of hypertension among the US population by age and sex, the cross-sectional design of the study did not permit us to explore mechanisms to explain the findings. Further studies are needed to identify the biological mechanisms behind the association between hours of sleep and risk of hypertension among population by age and sex.
The results from this study suggest that sleep durations <7 h and ≥10 h a day could play a role in the risk of hypertension among adults, depending on age and gender. The association of sleep duration with hypertension among US participants in NHIS supports the common recommendation that sleeping 7-9 h/night is optimal for good health. 
